The aminopeptidase which had been shown to be present in Mycoplasma salivarium was found to be associated with the cell membranes of the organism. The enzyme was solubilized in water by papain digestion of the membranes pretreated with Triton X-100 and purified approximately 130-fold by ion-exchange chromatography on DEAE-Sephadex A-50, affinity chromatography on L-leucylglycine-AH-Sepharose 4B, and gel filtration on Sepharose CL-6B. The purified enzyme had a molecular mass of 397 kilodaltQns, estimated by gel filtration through Sepharose CL-6B, and gave two bands of activiy in analytical disc polyacrylamide gel electrophoresis: a dense, diffuse band and a less dense, narrow one, accounting for 90 and 5% of stained proteins in the gel, respectively. The purified protein revealed two bands with molecular masses of 50 and 46 kilodaltons by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The enzyme catalyzed selectively the cleavage of the N-terminal arginine and leucine residues of peptides; had a p11 optimum at 8.5; and was inhibited remarkably by bestatin, o-phenanthroline, EDTA, and L-cysteine, but was activated nine-and twofold by MnCI2 and MgC92, respectively. The enzyme pretreated with MnCI2 had much higher maximum velocity (V.,,) for L-leucine-p-nitroanilide than the one not treated. That is, the Michaelis constant (K.) and Vmax values of the pretreated enzyme were 10.5 mM and 12.1 FM/min, respectively, whereas those of the untreated enzyme were 5.8 mM and 1.6 ,uM/min, respectively.
Mycoplasma salivarium is a member of the oral microbial flora and preferentially inhabits the gingival sulcus (6, 11) . The incidence (6) and number (23) of organisms in oral cavities increase significantly with the advancement of periodontal disease. Furthermore, significantly higher antibody responses occur in patients with periodontal disease than in healthy individuals (11) . On the basis of these findings, it is of great interest to know whether M. salivarium plays an etiological role in periodontal disease.
Recently, Nakamura and Slots (14) suggested that the aminopeptidase of Capnocytophaga species may be an important virulence factor in Capnocytophaga-associated periodontal disease, because aminopeptidases can be involved in bradykinin formation, degradation of collagen fragments, and other events of the inflammatory process.
Aminopeptidase activity has been shown to occur in Ureaplasma urealyticum and some Mycoplasma species (22) . M. salivarium also possesses the activity (19, 24) . The activity has been suggested to be attributable to the action of at least two distinct enzymes, leucine aminopeptidase (EC 3.4.11.1) and aminopeptidase B (EC 3.4.11.6), because the organism cleaves p-nitroanilides of L-arginine, L-leucine, L-lysine, and L-alanine (19, 24) . Aminopeptidase B is known to convert kallidin to bradykinin (10) , which causes vasodilation, increased permeability, accumulation of leucocytes, and pain. Therefore the aminopeptidase may be a factor in the virulence of M. salivarium.
In this study we confirmed that the aminopeptidase was associated with cell membranes of M. salivarium and established the procedures for releasing the enzyme from the membranes. We purified enzyme and characterized its unique properties. s each, with intervals of 15 s, in a sonicator (model W-220F; Heat-Systems Ultrasonics, New York, N.Y.) at an output of 60 W. The suspension was treated at 37°C for 1 h with DNase and RNase (0.01 mg/ml) and centrifuged at 40,000 x g for 1 h. The resulting sediment (membranes), suspended in 100 ml of BBS, was examined for activity toward p-nitroanilides of L-arginine and L-leucine. Since approximately 80% of the activity toward both substrates and 50% of the proteins were found in the sediment, the sediment was used as a starting material for the purification of the aminopeptidase.
Determination of the aminopeptidase activity. The reaction mixture (3.4 ml), containing BBS, MnCl2 (1.2 mM), and enzyme preparations, was incubated at 37°C for 15 min, and the reaction was started by the addition of 0.05 ml of 0.1 M p-nitroanilides of various amino acids. The reaction was terminated by the addition of 0.1 ml of 40% (wt/vol) trichloroacetic acid. The supernatant was separated by centrifugation (1,800 x g, 30 min), and its A405 was read to assay p-nitroaniline liberated. One unit of enzyme was defined as 1 ,umol of p-nitroaniline liberated per min at 37°C, taking the molar extinction coefficient at 405 nm as 7,620 M`cm-' Protein concentrations were determined by the method of Lowry et al. (13) .
Polyacrylamide gel electrophoresis. To check the purity of the enzyme, we carried out analytical disc polyacrylamide gel electrophoresis with 5.0% polyacrylamide gels and 0.05 M Tris-glycine (pH 8.3) by the method of Ornstein (15) and Davis (5) . Gels were sliced into 2-mm-thick sections, and each section was assayed for activity toward L-leucine-pnitroanilide.
Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis was performed with 10% gels by the method of Laemmli (12) . The low-molecular-weight standards for SDSpolyacrylamide gel electrophoresis (Pharmacia, Uppsala, Sweden) were used.
Determination of molecular weight. The molecular weight of the enzyme was estimated by gel filtration on a column (1.5 by 86 cm) of Sepharose CL-6B previously equilibrated with 0.1 M Tris hydrochloride (pH 8.0) containing 0.5 M NaCl by the method of Andrews (1) . A calibration curve was obtained by using the high-molecular-weight standards for gel filtration (Pharmacia).
RESULTS
Purification of the aminopeptidase. (i) Solubilization of the aminopeptidase from cell membranes. The specific activity (in units per milligram of protein) toward L-leucine-pnitroanilide was 0.027, 0.001, and 0.000 in cell membranes, intracellular materials, and culture supernatant, respectively. Thus the aminopeptidase was found to be associated with cell membranes of M. salivarium, and therefore dissociation of the enzyme was the first step of the purification. In our previous study (20) , the enzyme was shown to be released in a water-soluble form by papain digestion of the membranes (TX1OOsed) pretreated with Triton X-100.
Therefore preliminary experiments were carried out to release the enzyme more effectively. During these studies, 5 mM L-cysteine, which is usually used for the activation of papain, was found to strongly inhibit the enzyme activity (see Table 3 ). Therefore the activated papain had to be highly diluted to remove the effect of L-cysteine when incubated with TX100sed.
On the basis of these results, the solubilization procedure for the enzyme was established as follows. The membranes Solubilization of the aminopeptidase by papain digestion of the membranes of M. salivarium. The mixture (40 ml) containing BBS, the membranes (50 mg of protein), and Triton X-100 (250 mg) was incubated at 37°C for 15 min and then centrifuged at 40,000 x g for 1 h. The sediment (TX100sed, 16 mg of protein) was suspended in 40 ml of BBS, and the suspension was divided into two equal portions. One (8 mg of protein/20 ml of B3BS) was incubated with 0.4 ml of a papain solution (0.4 mg) (0) that was activated by being incubated with 5 mM L-cysteine at room temperature for 3 min, and the other was incubated with 0.4 ml of a papain solution (A) that was not activated. After the mixtures were incubated at 37°C for 0, 30, 60, and 90 min, portions (5 ml) were withdrawn from each of them and centrifuged at 40,000 x g for 1 h. The supernatant and the sediment were examined for activity toward L-leucine-p-nitroanilide as described in the text. The solubilization (-) and the remaining activity (-----) were expressed as [A/(A + B)] x 100 and [(A + B)/C] x 100, respectively, where A, B, and C represent the total activity of the supematant, the sediment, and TX100sed, respectively.
were treated with Triton X-100 (1:5, wt/wt) at 37°C for 15 min and centrifuged at 40,000 x g for 1 h. The sediment (TXl00sed) separated was suspended in BBS. The suspension (50 volumes) was mixed with a papain solution (1 volume) (the protein content ratio of TXl00sed to papain was 20:1, wt/wt). The mixture was centrifuged as above, after being incubated at 37°C for 1 h. The resulting supernatant (PAPsup) was used for purification. By this procedure, approximately 70% of the enzyme was released in the PAPsup without any detectable loss of activity (Fig. 1) .
(ii) Chromatography on DEAE-Sephadex A-50. The PAPsup (100 ml; 104 mg of protein), dialyzed against 0.05 M Tris hydrochloride (pH 8.0) containing 0.05 M NaCl, was placed on a column (2.6 by 9.0 cm) of DEAE-Sephadex A-50 previously equilibrated with the same buffer. The column was washed with 200 ml of the same buffer followed by 200 ml of a linear NaCl gradient from 0.05 to 1.00 M. The enzyme was eluted from the column at 0.4 M NaCl. The fractions containing the enzyme activity were pooled.
(iii) Chromatography on L-leucylglycine-AH-Sepharose 4B. L-Leucylglycine is known as a good substrate for leucine aminopeptidase, but not for aminopeptidase B (7, 8) . Therefore L-leucylglycine was coupled to AH-Sepharose from the column at 0.4 M NaCl (Fig. 2) . The fractions containing the enzyme activity were pooled.
(iv) Gel filtration on Sepharose CL-6B. The pooled fraction (12 ml; 4.8 mg of protein) was concentrated to 2 ml by using a Centricon 30 (Amicon Co., Oosterhout, Holland), subjected to gel filtration on a Sepharose CL-6B column (1.5 by 86 cm) previously equilibrated with 0.1 M Tris hydrochloride (pH 8.0) containing 0.5 M NaCl, and eluted with the same buffer. The enzyme was eluted from the column as a single and symmetrical peak.
By these procedures, the enzyme was purified approximately 130-fold from whole cells (Table 1) . Hereafter, this purified aminopeptidase is called aminopeptidase My named after its origin, Mycoplasma.
Properties of aminopeptidase My. (i) Homogeneity, molecular mass, and subunit structure. The molecular mass of aminopeptidase My was shown to be 397 kilodaltons (kDa) by gel filtration. The enzyme gave two bands of activity by analytical disc polyacrylamide gel electrophoresis, a dense, broad band and a less dense, narrow one (Fig. 3) . By densitometry, these bands were shown to account for 90 and 5% of the enzyme, respectively. SDS-polyacrylamide gel electrophoresis of the enzyme also revealed two bands with molecular masses of 50 and 46 kDa (Fig. 4) . Judging from the remarkable difference between the molecular masses estimated by gel filtration and by SDS-polyacrylamide gel electrophoresis, the enzyme was thought to be composed of many subunits.
(ii) Substrate specificity. Aminopeptidase My had a high specificity for N-terminal L-arginine and L-leucine and a lower specificity for L-lysine (Table 2) . Thus the purified enzyme had the same specificity as whole cells had (19) , suggesting that the aminopeptidase activity reported previously (19, 24) was due to this enzyme.
(iii) pH optimum and pH stability. The effect of pH on aminopeptidase My was investigated in the absence of MnCl2 by using p-nitroanilides of L-arginine and L-leucine as substrates. The highest level of activity toward both substrates occurred at pH 8.5. The enzyme was most stable at pH 8.0 in the pH region tested; and the activity was reduced to approximately 50% of the maximum activity at pH 6, 7, and 9 during a 2-h incubation at 37°C and was lost completely at pH 3, 4, 5, 10, and 11 under the same conditions.
(iv) Effect of chemicals. To characterize aminopeptidase My and compare it with the other previously known aminopeptidases, we investigated the effect of chemicals on the enzyme. It was preincubated with various chemicals at 37°C (4, 16) , but these enzymes have never been purified and characterized, probably because of difficulties in solubilizing these enzymes. This is the first report of purification and characterization of the membrane-bound aminopeptidase from Mycoplasma species. In the process of solubilizing the aminopeptidase from the membranes of M. salivarium, we came across a variety of obstacles. However, fortunately, the aminopeptidase was found to be released effectively in a water-soluble form from the membranes by use of Triton X-100 and papain in combination. The pretreatment of the membraneF Aith Triton X-100 was very effective for the release of the enzyme from the membranes by papain digestion. Aminopeptidase My is naturally presumed not to be an intact aminopeptidase molecule present in the membrane, since a hydrophobic anchor moiety will certainly be removed by papain digestion. In reality, our previous study (20) reveals that the SDS-solubilized enzyme appears at the void volume of a Sephacryl S-300 column, whereas the enzyme obtained by papain digestion of the membranes pretreated with Triton X-100 appears behind the void volume, indicating that the molecular mass of the former is greater than that of the latter. Aminopeptidase B selectively cleaves the N-terminal arginine, but not leucine, residue of peptides, whereas leucine aminopeptidase cleaves the N-terminal leucine, but not arginine (7, 8) . Thus it seems that an aminopeptidase such as aminopeptidase My, with a strong affinity for two amino acids with quite different characteristics, arginine and leucine, has never been described. The molecular masses of leucine aminopeptidase and aminopeptidase B are 300 kDa (7) and 95.5 kDa (8), respectively, which sum up to 395.5 kDa, similar to the molecular mass (397 kDa) of aminopeptidase My. Therefore the enzyme seems to be a complex of leucine aminopeptidase and aminopeptidase B. Furthermore, the activity toward p-nitroanilides of both L-leucine and L-arginine was remarkably activated by Mn2+, whereas leucine aminopeptidase (3) is activated by Mn2+ and Mg2+, but aminopeptidase B (9) is not. On the basis of these results, aminopeptidase My is considered to be a new type of aminopeptidase.
Recently we reported that the carboxypeptidase specific for the C-terminal arginine residue of peptides existed in nonfermentative mycoplasmas including M. salivarium (21) . Judging from the arginine specificity, aminopeptidase My, as well as the carboxypeptidase, seems to be a naturally occurring enzyme, perhaps functioning to supply L-arginine to the arginine dihydrolase pathway, which is known to be an energy-yielding pathway in nonfermentative mycoplasmas (18) . LITERATURE CITED
